The objective of this study (ClinicalTrials.gov: NCT01351506) was to identify the threshold level of fluid accumulation measured by acute body weight (BW) change during the first week in a general surgical intensive care unit (ICU), which is associated with ICU mortality and other adverse outcomes. Methods: Four hundred sixty-five patients were prospectively followed for a 28-day period. The maximum BW change threshold during the first week was evaluated by the maximum percentage change in BW from the ICU admission weight (Max%∆BW). Daily screening of adverse events in the ICU were recorded. The cutoff point of Max%∆BW on ICU mortality was defined by considering the area under the receiver operating characteristic (ROC) curve, intersection of the sensitivity and specificity, and the Youden Index. Univariable and multivariable regression analyses were used to demonstrate the associations. Conclusion: Fluid accumulation, measured as acute BW change of more than the threshold of 5% during the first week of ICU admission, is associated with adverse outcomes of higher ICU mortality, especially in the patients without RRT, with reintubation within 72 hours, with RRT requirement, with vasopressor requirement, and with delirium. Some of these effects were higher in postoperative patients. This threshold value might be an indicator for caution during fluid management in surgical ICU.
Introduction
Appropriate fluid management in surgical patients continues to be a controversial issue. Two randomized controlled trials reported that perioperative fluid management with maintenance of the preoperative body weight (BW) could decrease postoperative submit your manuscript | www.dovepress.com
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Chittawatanarat et al complications. 1, 2 These reports are in contrast to a recent meta-analysis of perioperative fluid restriction in major abdominal surgery that showed no significant differences in postoperative complications, death, and hospital stay. 3 In critically ill patients, fluid restriction shortened the duration of mechanical ventilation and days occupied in the intensive care unit (ICU) in the case of acute lung injuries. 4 In addition, there have been different definitions of fluid overload in surgical patients. 5, 6 Previously, perioperative fluid overload was defined as gain of 10% of the dry weight that produced more postoperative complications. 6 However, recent evidence found that a positive fluid balance of more than 2,000 mL (approximately 4%-7% of dry weight) during the intraoperative period was a strong risk factor for cardiovascular complications in thoracic surgical patients. 7 Nonetheless, to date, there has been little evidence to demonstrate the threshold for concern and influence of fluid accumulation on outcomes, especially in high risk and critically ill surgical patients. 6 In addition, accurate fluid output was difficult to measure in some surgical patients because of multiple drains, wounds, and insensible loss. For this population, acute BW change might be a surrogate parameter for estimated fluid balance and accumulation. The objective of this study was to identify the threshold level for acute BW change after fluid management, using the maximum BW change during the first week after surgical ICU admission, and to verify the association of this threshold with ICU mortality and other adverse outcomes in ICU.
Methods
This study was a prospective cohort study in a 14 bed, intensivist-led, general surgical ICU in a Northern Thai tertiary-care university-based teaching hospital. This ICU provides services mainly for abdominal surgical, noncardiac thoracic, vascular, and trauma patients. Postcardiac and neurological surgical patients were not accommodated in this unit. All patients who were expected to survive for more than 24 hours after the ICU admission and could be weighed, and patients who were not expected to die due to terminal illness were included, morbidly obese patients were excluded. All the patients were directly cared for by intensivists. The fluid resuscitation guidance was based on standard guidelines. Those patients who stayed in the ICU for less than 24 hours and could not have a second weight measurement were excluded. The Faculty of Medicine, Chiang Mai University Ethics Committee and Review Board approved this study protocol. The study protocol was registered with ClinicalTrials.gov, as trial number NCT01351506.
Fluid accumulation measurement using daily BW alteration
The reference weight (BW0) was measured on the ICU admission and established as the reference point for BW alteration calculations. Daily BW was obtained in kilograms, rounded to one decimal place. Two types of BW measurement devices were used in this study -weighing beds (with integrated weighing scales) and patient lift scales (for patients who were not in a weighing bed). Every patient was measured by the same tool throughout the study. The weight measurement was performed daily at the same time in the morning (every 24 hours). We measured the daily BW until the patient was discharged from the ICU or at maximum, at the seventh day. The percentage change in weight (%∆BW) was calculated as:
The maximum %∆BW (Max%∆BW) during the first week was selected as the predictor of patient outcomes.
Measurement of the outcomes
The adverse outcomes of interest were defined the same as the definitions of adverse events in a large multicenter cohort study -the Thai University-Based Surgical Intensive Care Units Study (THAI-SICU study) -and standard definitions. [8] [9] [10] These included ICU deaths, 28-day deaths, reintubation within 72 hours, ICU readmission within 48 hours, new occurrences of acute respiratory failure, sepsis, acute kidney injury (AKI), primary myocardial infarction, and delirium. These adverse events were screened daily for up to 28 days after the ICU admission or until the ICU discharge. We also recorded mechanical ventilator use (days), as well as requirement of vasopressors, neuromuscular blocking agents, sedative agents, and renal replacement therapy (RRT), in addition to the length of the ICU stay.
The definitions for some of the adverse events are summarized as follows: [8] [9] [10] Acute respiratory failure was defined as having all three of (1) acute onset of bilateral infiltration, (2) no evidence of left atrial hypertension, and (3) ratio of arterial partial pressure of oxygen to a fraction of inspired oxygen #300. Delirium was defined by at least four of the following criteria: consciousness alteration, inattention, disorientation, hallucination-delusion-psychosis, psychomotor agitation or retardation, inappropriate speech or mood, and symptom fluctuation. AKI was defined using the serum creatinine criteria, by the increase of the serum creatinine level by more than 0.3 g/dL from baseline. Primary myocardial 
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Threshold of body weight change in siCU infarction was defined by at least two of the following criteria: positive troponin-T, ischemic symptoms .20 minutes, and electrocardiographic alterations.
Data collection and statistical analysis
On admission, the patient's age, sex, BW at admission, height, admission diagnosis, smoking status, Acute Physiologic and Chronic Health Evaluation II (APACHE II) score, and serum albumin level were recorded. Adverse outcome occurrences, fluid intake and output, type of fluid, days of mechanical ventilation, and days of vasopressor were screened and recorded daily until the ICU discharge. The survival status was recorded at the ICU discharge and 28 days after the ICU admission.
The data were analyzed using the STATA software (version 11.0; STATA Inc., College Station, TX, USA). Descriptive continuous variable data differences were reported as the mean and standard deviation for normal distribution data and as the median (25-75 interquartile range [IQR]) for nonparametric distribution. Categorical variables were reported in percentage. Regarding the Max%∆BW cutoff point, Hosmer-Lemeshow goodness of fit was performed for calibration testing. Receiver-operating characteristic (ROC) plots and C statistic were used for assessing the discriminate ability between Max%∆BW during the first week of admission and ICU mortality. Youden Index, calculated as Youden index = Sensitivity + Specificity -1
was used for capturing the maximum vertical distance of the ROC curve. 11 The association between the Max%∆BW cutoff point and other adverse events was tested by the regression method. These were reported as the odds ratio (OR) and the coefficient with 95% confidence interval (CI). The APACHE II score, albumin level, smoking status, surgical status, and age at the time of admission were the variables used for adjusting the multivariable regression analysis. For the sensitivity analysis, subgroups of postoperative and nonoperated patients were analyzed with multivariable regression analysis, adjusted using the APACHE II score, albumin level, smoking status, and age at the time of admission. Statistical significance was considered with a two-sided P-value less than 0.05.
Results
A total of 602 patients, as per the inclusion criteria, between May 2011 and August 2012 were enrolled on the ICU admission (day 0). One hundred and thirty-seven patients were excluded due to their short stay in the ICU or because they were not weighed a second time on day 1. The remaining 465 patients were included and followed in this study. All of these patients were followed up to the 28th day after the ICU admission. Figure 1 demonstrates the study process, follow-up, and number of patients weighed in the first 7 days after admission in the ICU.
The characteristics of the patients are demonstrated in Table 1 , expressed as median (IQR) and number (%). Their median age was 60 (49-74) years. Approximately 60% of the patients were male. The median ICU admission weight was 53 (45-64) kg, with a median body mass index of 20.9 (17.9-24.0) kg/m 2 . Two-thirds of patients were postoperative patients. The median APACHE II score was 14 (11) (12) (13) (14) (15) (16) (17) (18) (19) . The top three ICU primary admission diagnoses with organ involvement were abdominal diseases (44.3%), cardiovascular diseases (15.3%), and respiratory diseases (15.1%), respectively. Nearly half of the patients were nonsmokers. Ex-smokers and current smokers were 35% and 17%, respectively. Regarding the ICU outcomes, the ICU and 28-day mortality rates were 15.0% and 20.6% respectively. There were no differences in the age, sex, BW, height, BMI, and ICU primary diagnosis categories between the groups of surviving and nonsurviving patients at ICU discharge. There was statistical significance (P,0.001) for surgical status, admission APACHE II score, and albumin level, between groups. There was a tendency of difference in smoking status between the groups (P=0.068). All of these parameters were possible confounders and were considered as predictors in the multiple regression analysis. 
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Regarding the percentage of BW change from ICU admission, there were statistically significant difference between surviving and nonsurviving patients except on day 1 and day 4 ( Figure 2 ). In Table 1 , the median (IQR) of Max%∆BW in the first week of ICU admission was 2.9% (0%-6.5%).
The median (IQR) Max%∆BW in nonsurviving patients was significantly higher than in surviving patients (6. 
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Threshold of body weight change in siCU P=0.95), and the Pearson chi-square was 0.70. The area under the ROC curve (95% CI) for Max%∆BW was 0.65 (0.58-0.73). The appropriate cutoff point value as well as the intersection of the sensitivity and specificity curves was nearly 5% of Max%∆BW ( Figure 3 ). The maximum Youden Index value was 0.27, and this correlated with the Max%∆BW of 6.30%. Regarding simplification in clinical practice, considered together with the intersection curve in Figure 3 and given the higher sensitivity, the Max%∆BW of 5% (Youden Index =0.25) was determined as the cutoff point in this study. For further testing of this cutoff, the Max%∆BW was subdivided into six groups: negative or no change; 0.01-2.5; 2.51-5.00; 5.01-7.50; 7.51-10.00; and more than 10%. Figure 4 demonstrates the association between the Max%∆BW and the ICU mortality in each subgroup. The significance for ICU mortality (P,0.05) began at the threshold of Max%∆BW more than the 5%. Therefore, this cutoff was used for further analysis of association with other adverse events. Table 2 demonstrates the average fluid intake per day for each type of fluid, the total output per day, the fluid balance per day, the total duration, and the total fluid accumulation during the surgical ICU admission, expressed as median [IQR] . Patients who were exposed to a Max%∆BW of more than 5% had significantly higher fluid intake per day (2. Although there were some differences in the proportion of the fluid types (ie, colloids and blood components) between groups of Max%∆BW, there were no differences between the averages of the received amounts of colloids and blood components per day, where those fluids were received (P.0.05).
In univariable analysis (Table 3) , the Max%∆BW significantly increased the OR of ICU mortality (P,0.001), especially mortality in groups patients without RRT (P=0.002), with 28-day mortality (P=0.007), with reintubation within 72 hours (P=0.019), with AKI (P=0.022), with vasopressor requirement (P,0.001), with delirium (P=0.003), with RRT requirement (P=0.001), with longer duration of mechanical ventilation (P=0.006), with longer duration of vasopressor (P=0.002), and with longer lengths of stay, in days, in the ICU (P=0.012). In addition, the Max%∆BW showed a trend of increased risk of 28-day mortality in the groups of patients without RRT (P=0.066), and with the number of days sedation required (P=0.079). Regarding possible confounder variables (admission APACHE II score, age, smoking status, operative status, and admission albumin level), all of these 
Discussion
The standard cutoff value of fluid overload is currently still uncertain. Although in previous studies, the cutoff level for fluid accumulation overload was considered to be 10% BW gain from dry weight, 6, 12 this cutoff might be a higher level than is appropriate for a fluid accumulation threshold in a fluid overload definition. Evidence in animal study has found that macroscopic intestinal wall edema was observed when fluid accumulation increased above 3.3%. 13 Recently, the cutoff value has been decreasing. One recent cohort study of open heart surgery used the cutoff of 8.0% for fluid overload classification. 5 Our results supported that ICU outcomes are impacted by a lower cutoff threshold, which is referenced on the ICU admission weight. The fluid accumulation threshold of Max%∆BW of more than 5% from admission BW was observed to significantly increase ICU mortality in this study. In addition, this cutoff value was also an independent predictor for adverse outcomes regarding reintubation within 72 hours, RRT requirement, and delirium. The tendency to have longer duration of vasopressor requirement was also observed (Table 3) . However, the reference value of BW used in this study was measured at ICU admission. In ICU practice, actual dry weight and accurate dry weight are seldom obtained because most surgical patients are resuscitated before ICU admission and the BW records from the general ward are, by and large, incomplete and unreliable. Therefore, the reference BW in this study might be higher than the dry weight that was used as reference BW in previous studies. 6, 12 Regarding the effect modification in postoperative patients, we separately analyzed the association between Max%∆BW and ICU adverse outcomes. While the postoperative group had a higher OR of adverse outcomes for ICU mortality, especially in patients without RRT, with reintubation within 72 hours, and with vasopressor requirements, these effects were not statistically significant for the NO subgroup (Table 4) . These results might be explained by intraoperative fluid accumulation that resulted in higher ICU admission BW than dry weight in comparison with the NO subgroup. Therefore, this cutoff value should be considered with great caution especially in the postoperative patients.
Regarding the type of fluid administered, Zarychanski et al performed meta-analysis to demonstrate the association of hydroxyethyl starch (HES) administration with significantly increased mortality and AKI in critically ill patients requiring volume resuscitation.
14 In our study, HES was administered in 68% of the patients. However, the average HES intake per 
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Chittawatanarat et al day was not significantly different between the Max%∆BW groups. The amounts of other colloid and blood components per day were also not significant in our results. Therefore, fluid accumulation from the crystalloid solution was the main type of fluid in our study. Regarding RRT, interestingly, ICU mortality was observed to have significantly increased only in the group of patients without RRT. Therefore, RRT was an important effect modifier in patients who had amounts of fluid accumulation of more than 5% from ICU admission (as measured by BW) in our study. Among critically ill patients, many reports suggest an association between high fluid accumulation and increased ICU adverse outcomes in patients with or without AKI. 1, 6, 15, 16 According to this evidence, fluid accumulation, measured by increased weight gain or fluid balance, should be considered before further fluid administration, to prevent fluid overload, which results in worsened outcomes. 17 In patients who develop AKI or oliguria with higher fluid accumulation, nephrology consultation and RRT should be initiated early with the aim of decreased morbidity, mortality, and fluid overload. [18] [19] [20] [21] In this study, although the RRT requirement was significant in the overall multiple regression analysis, subgroup analysis revealed the tendency of statistically significant increase only in the NO subgroup. This might be explained by the higher admission APACHE II score and smaller sample in the subgroup analysis.
Regarding respiratory complications, higher fluid accumulation, of more than 5% of the ICU admission weight, was an independent risk factor of reintubation within 72 hours after extubation. Although there has been no report of such association in previous studies, 22, 23 the impact of reintubation does increase the risk of nosocomial pneumonia and longer hospital stays. 24, 25 In addition, fluid overload has been reported as a cause of respiratory failure and increase in lung injury score in previous studies. 26, 27 Fluid restriction has been found to improve lung function and decrease the number of mechanical ventilation days in acute lung injury. 4 Although there were a slightly higher number of acute respiratory failure occurrences in the higher-fluid-accumulation group (Table 3) , there was no statistically significant difference between the groups that had less than 5% of fluid accumulation. These might have resulted from a lower cutoff value or existing patient diseases that had a greater impact than fluid accumulation. In addition, we did not record the lung injury score in this study, which might present more details, and might be a more sensitive indicator of alteration of gas exchange physiology and a surrogate for outcomes of acute respiratory failure. 27 Regarding neurological complications, delirium had an independent association with higher fluid accumulation as observed in this study. Although many potential risk factors for delirium have been reported, such as age, severity of diseases, use of mechanical ventilation, etc, 28 there was lack of evidence to demonstrate the association between fluid accumulation and delirium. The possible explanation would be that a greater inflammatory response induced acute cognitive dysfunction in critically ill patient. 29 Repeated reports have described the mechanism between fluid accumulation and inflammatory response in acute illnesses. 30, 31 These inflammatory responses cause acute cognitive dysfunction and delirium. Recently, some inflammatory biomarkers, such as soluble tumor necrosis factor receptor, interleukin-1 beta, adiponectin, and C-reactive protein, were shown to have strong association with delirium. 32, 33 In the subgroup analysis for surgical status, higher Max%∆BW was found to be significantly associated with delirium only in the NO subgroup (Table 4 ). This might be explained by the higher admission APACHE II score and the ICU length of stay of these patients.
The strength of this study is the demonstration that the fluid accumulation threshold is based on the individual patient's body size instead of being a fixed amount of fluid. 7, 27 This study also verified the lower cutoff threshold, as compared with previous studies, that impacts surgical ICU outcomes. 6, 12 However, our study had some limitations. First, the reference point for the baseline BW was measured at ICU admission, which did not reflect fluid received prior to ICU admission. This value might have been higher than the patient dry weight that was used as the reference baseline BW in the previous reports. 6, 12 This might be the explanation for lower cutoff for acute BW change compared with the previous studies. In addition, this study did not include morbidly obese patients. The study results should not be generally applied to these patients. Second, the severity of disease in the various groups was significantly different from each other. It is unclear whether the fluid accumulation threshold association was the cause of the adverse outcomes or the severity marker. Although we attempted to adjust outcome values for these possible confounders in the multivariable regression analysis, the possible confounders, such as severity of inflammatory biomarkers, were not collected for confirmation in this study. 5, 32, 33 Third, we did not control for types of fluid administered during study. Thus, while statistical significance was greater for total crystalloid intake and total intake accumulation in the groups with Max%∆BW more than 5%, and while there was no difference in the average amount per day of other fluid types, where received, we cannot associate the type of fluid as having a causal effect or a mediating effect on the adverse outcomes. 
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Threshold of body weight change in siCU Finally, this was a single-center study in a limited-resource country, which might have produced different results in terms of the provided resources, initiation of RRT criteria, type of fluid resuscitation, and resuscitation protocol. Although this threshold value might be different in other settings, this value might remind physicians and health care providers to consider other treatment modalities instead of fluid administration in critically ill surgical patients. Further, pragmatic randomized, controlled studies using this threshold criterion to integrate fluid administration strategies are necessary to support these findings.
Conclusion
The threshold of fluid accumulation of more than 5% of the ICU admission BW was associated with the adverse outcome of higher ICU mortality, especially in patients without RRT, with reintubation within 72 hours, with vasopressor requirement, with RRT requirement, and with delirium occurrence. Some of these effects were higher in postoperative patients. This threshold value might be an indicator for caution during fluid management in the surgical ICU.
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